LEPS2:

e second Laser-Electron Photon facility
at SPring-8

RCNP M. Yosoi

- How to increase the LEP intensity
- Design of the main detector system
- Polarized HD target
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Schematic view of the LEPS2 facility b

Backward Compton Scattering 10 times high intensity:

GeV electron Multi laser injection &
Recoil electron Laser beam shaping

~—> (Tagging) (future poss_|t_)|l|ty_:

Re-injection of

X-ray from undulator)

Laser

LEP
(GeV y-ray)

Best emittance

(parallel) beam .20

= photon beam
does not spread

Large 4n spectrometer based on 7%
BNL-E949 detector system. 74
Better resolutions are expected.

New DAQ system will be adopted
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Divergence of LEP beam
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How to get the high Intensity Photon Beam

We are aiming to produce one-order higher intensity photon beam :
LEP intensity > 107 cps for E, <2.4 GeV beam (355 nm)
> 10° cps for E,<2.9 GeV beam (266 nm)
Simultaneous injection of 4-lasers [X4]
Higher output power and lower power consumption CW lasers.
355 nm (for 2.4 GeV) 8 W—16 W, 266 nm (for 2.9 GeV) 1 W—->2 W [x2]
Laser beam shaping with cylindrical expander [X2]

=

| 400 um |

UV lasers

(355/26
A\ ris expande
* Electron beam is horizontally wide.
= BCS efficiency will be increased

AR-coated mirror by elliptical laser beam.
w/ stepping motor

laser

Need large aperture of the laser injection line - reconstruct some BL chambers
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Test of Laser Beam shaping with visible wavelength
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Design concepts of Main Detector

m Momentum resolution at forward angle
AP/P"’].O/O.
- (Good reaction tag.

m Large and smooth acceptance azimuthally —
Decay and polarization.

m Detection of decay product down to lower
momentum 100 MeV/c

m Detection of neutral particle (Photon)
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ain Detector Setup

E949 Solenoid Magnet

size: P5mx 3.5m
weight: ~400 t
Field: 1.0T

\" o

TPC or cDG  MWDG

Target and Vertex detector [
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Tracking system

®Side way tracker (TPC)
R =500 mm (24-26 layer),
0 Gry =190um, o, =2mm,

(=

0 ®Forward MWDC chamber(450mm)
5 *He+Ethane (X/X; = 1.1x103)

0° 6 plane (x,x’, u(45) u’(-45), y y’)
Gy =130um,

1. Om ®Barrel tracker

Cathode strip + Anode wire
Gry = 290um, 6, = 2-3 mm

TOP

®5SD (Cylindrical+ Disk)
Double side strip sensor
c=35um,
“PID AZ< 1 mm at 6>20°
sideway: TOF (At =50 psec)
forward: TOP (quarts Cerenkov)

Hel ium bag

1.82m
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Penta-quark ©*

Strangeness tagging
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Polarized HD Target

- We have developed the polarized iy ¢

HD target for these 6 years. 54

-The proposed experiment is the
measurement of the double
polarization asymmetry of the
¢ photoproduction, which is
sensitive to the ss-bar content
In nucleon through the
ss-bar knockout process.

(A.1.Titov et al. PRC58(1998)2429)

ss-knockout

\_ \ { \ \ { \ \ { \ \
_ SS conten 1% 7

-When we succeed the
development and establish its
technology, it will be a strong
weapon at LEPS2.

0 45 90 135 180
0 (degree)
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Principle of polarized HD

H and D are polarized by the static method, i.e., using the thermal
equilibrium under the ultra low temperature and high magnetic field.

Initial: Polarization is created

SpeCiaI advantage: T Impurity {(~1/10000) Lurge Bpkvistiice Impurity (~1/10000)

After a few months aging
time, spin is frozen, even

CLD

(L

(©3)

under high temperature High B Ortho H
and low magnetic field. e :
After long time: Polarization is frozen
. H is highly polarized
| LOngStandlng effort at D polarization is small
Syracuse, LEGS/BNL, @
ORSAY L\ o
_ Ortho D2 HD
= 10-20mK elowt -7 o ke
m 15-17T
u >80% for H’ >20% for D During transportation and experiment: Polarization is kept
(e 1 6D a»
s 20%->70% in D with DNP | N e
&High T Li[ihg =

Mo Spin-lattice
Helaxation



Signal [mV]

NMR signals after 53-day aging

bﬁ"

NMR Slgnal — The first NMR spectra of polarized HD target.
| Aging time is 53 days under 17 T and 14 mK.
19|: ]
T
’ *As a result, relaxation time is more
! than 100 days at 300 mK and 1 T.
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Process to use in the experiment

Osaka Univ. T T RCNP —> SPring-8 (120 km)
RCNP 161
= - 9 T
Distillator J\ %
DR
—t g

SPring-8 LEPS(LEPS2) beam line

162 IBC 2 [
=
i [ \

DR: Dilution Refrigerator SC: Storage Cryostat
TC1(2): Transfer Cryostat IBC: In-Beam Cryostat

HD target




Dilution
Refrigerator
(DR)

17 T Magnet

Storage
Cryostat
(SC)

b{f

' Transfer
Cryostat
@SP8

l (rc2)

Transfer Cryostat
@RCNP
(TC1)

~ | In-Beam Cryostat
— = | (IBC)




LEPS2 roadmap

g

2009FY 2010FY 2011FY 2012FY 2013FY
E949 detector(BNL): Decompose | Dismantl Assemble
& partially transfer maghnhet magnet 5 2
Construction of the main spectrometer 2 g
Detector design Detector R&D and forward spectrometer g :g
Submit . a5
Proposal High speed DAQ system n 8

Modify SR vacuum
chambers

’—‘ BL construction Bgam Bea}m
pipe [ monitor

R&D for high intensity |

Laser injection system

Design & build the
experimental bldg.

Beam

com-
missioning

Infrastructure
Radiation shield

Partially start

41 photon detector (Tohoku ELPH) LEPSE|

experiment with 4
photon detector

Polarized HD target: R&D and experiment at LEPS

LEPS2

We need to get more budget and widen the collaboration.
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Super Photon ring — 8 GeV

o 8 GeV electron beam

e Diameter =457 m

« RF 508 MHz

e One-bunch Is spread

within =12 psec.
e Beam Current =100 mA
e Top-up Injection

Osaka — SPring-8: about 120 km,
One and half an hour highway drive.
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LEPS new beam line (LEPS2) b

e Beam upgrade:

Intensity --- High power laser, Multi laser(x4)
--- Laser elliptic focus

~10% = ~107 /sec for 1.5 GeV~2.4 GeV

~10° > ~10%/sec for 1.5 GeV~2.9 GeV
(Energy  --- Laser with short A,

re-injected Soft X-ray+BCS (future possibility). = up to ~7.5 GeV)
o Detector upgrade: (reaction process & decay process)

Scale &  --- General-purpose large 4n detector = large experimental hutch
Flexibility Coincidence measurement of charged particles and

neutral particles (photons) < BNL/E949 detector
DAQ --- High speed for the minimum bias trigger

e Target upgrade: Polarized HD target

° Physics: Continuous study from LEPS (e.g. ®*), new Physics
Workshop on LEPS2 (2005/7, 2007/1)
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| EPS experiments (2000 — 2010)

year 2000 2001 2002 2003 2004

Linearly Polarized E_y < 2.4 GeV
photon beam

A
\ 4

BL construction

& Comissioning LH2 nuclear nuclear
LH2, LD2 (long) nuclear targets
target >: (short) t:al;get: ) R targets )
Forward LEPS spectrometer S:tn;::cir Fed sie_clz_gngeter
detector < > <
Tagger (SSD—'ScFi)
year 2005 2006 2007 2008 2009 - 2010
LP Ey LP E_y < 2.4 GeV LPEy<24GeV LPEy
photon beam <3 GeV (8W Paladin x2) w LPEy <3 GeV . A(test 16W Paladin)‘ <3 GeV

'(1‘W Sony)

new target system for TPC LH2

LD2, LH2 (long) (LM, LD2, LHe)  (long)

target

\ 4
A
A

Fwd spectrometer

+ TPC-II Fwd

Forward LEPS spectrometer
detector

A

v
A
\ 4
A
v

A

development of polarized HD target
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High Energy Backward Compton Photons

0.1 |
E, distribution of BCS photons
0.09 y
0.08 355 nm
> 0.07 (3.54 eV)
L
E 0.06
-
E 0.05
—
 0.04
E x 1/ 4
0.03
~ 266 nm
0.02 (4.77 eV)
PP SNSRI N USRS
'] |
0 1 2 3 4 5 < - n
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Backward Compton Scattering of X-ray

for Ultra High Energy LEP
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AP/P at forward region

0.04

0.03

0.02

0.01

|
Kaon 1 GeV/c

TPC Ar(90)/CH,(10)
TPC Ne(Bﬂ}!CH4(10) i
CDC He(50)/C_Hy(50)

-9 o o
Helium .
- \.\/_/. .—_\_‘_.:__:_T__—..H___.- ]
i Fd detector Fd + Side i
1 | 1 | 1 1 |
10 20 30

Lep’’

e 20<6< 170

Vertex + Fd MWDC
No SW tracker

At 10 degree
AP/P =1.3% (He4 gas)
1.9% (Air)

e O0>17°

MS effect in SW tracker
TPC = Ar/CH, or Ne/CH,
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Diffractive production within the One-pion-exchange
vector-meson-dominance
model through Pomeron exchange

| p>=Ajuud >+B|uudss > A*+B°=1

ss-knockout uud-knockout
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